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57 ABSTRACT 
A process is provided for producing alkylthio-sub 
stituted carboxylic acids and arylthio-substituted car 
boxylic acids and their corresponding alkylthio-sub 
stituted thioesters and arylthio-substituted thioesters. 
The process comprises reacting a mercaptan with a 
lactone in the presence of an acidic catalyst at tempera 
tures of about 100° C. to about 350° C.The process for 
preparing the thio-substituted carboxylic acids and thio 
substituted thioesters may be a continuous process or a 
batch process. 

27 Claims, 3 Drawing Sheets 
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1. 

PROCESS FOR PRODUCING ALKYLTHO- AND 
ARYLTHIO-SUBSTITUTED CARBOXYLIC ACIDS 

AND THEIR THIOESTERS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to a process for preparing al 

kylthio- and arylthio-substituted carboxylic acids and 
their corresponding thioesters, comprising reacting a 
mercaptan with a lactone in the presence of an acidic 
catalyst. In the preferred embodiments of the present 
invention, the process provides continuous production 
and batch production of thio-substituted carboxylic 
acids and the corresponding thio-substituted thioester. 

2. Description of the Prior Art 
Alkylthio-substituted carboxylic acids and arylthio 

substituted carboxylic acids (hereinafter sometime 
jointly referred to by the phrase "alkyl- and arylthio 
substituted carboxylic acids') are important synthetic 
intermediates for a wide range of product applications. 
For example, methionine (2-amino-4-methylthiobutyric 
acid) and its hydroxy analog, 2-hydroxy-4-methylthi 
obutyric acid, are widely used as animal-feed supple- 25 
ments. In addition, sulfone peroxycarboxylic acids have 
been reported as a novel class of stable, solid, bleach 
materials for detergent applications, as disclosed in U.S. 
Pat. No. 4,758,369. 
The reaction of lactones, for example, y-butyrolac- 30 

tone, with various alkyl metal mercaptans and aryl 
metal mercaptans (i.e., mercaptide ions), typically con 
ducted in the presence of a co-solvent, for example 
dimethylformanide (DMF), dimethylsulfoxide 
(DMSO) and hexamethylphosphoramide (HMPA), to 35 
facilitate solubilizing the mercaptide ion, is well known 
in the literature. Typical mercaptides comprise sodium 
and potassium metal. The cleavage of a 
aminobutyrolactone with sodium methyl mercaptide, 
followed by acidification of the resulting sodium car- 40 
boxylate to produce methionine or its derivatives, is 
described in several references, for example, Chem. 
Ber, 83, pp. 265-268 (1950); U.S. Pat. No. 4,311,849 and 
British Patent Application 651,165 (Chem. Abst. 
51:2853c). In addition, other ring opening reactions of 45 
various lactones with mercaptide ions or metal salts of 
selenium compounds (i.e., selenide ions) have been re 
ported, for example, U.S. Pat. Nos. 2,842,587; 2,842,590 
and 2,872,458; Tet. Letters, p. 4369 (1977); Tet, Letters, p. 
4361 (1977); Chem. Ber. 94, p. 2060 (1961); Tet Letters, p. 50 
3859 1977; J. Organometal. Chem, 25, p. 33 (1970). 

Preparation of the mercaptide ion typically comprises 
reacting the mercaptain with a metal hydride, for exam 
ple, sodium hydride (NaH), potassium hydride (KH) or 
lithium hydride (LiH). Alternatively, the metal mercap- 55 
tan may be prepared by reacting the mercaptan with a 
metal, for example, potassium metal (K) or lithium 
metal (Li). The use of metal hydrides, for example, 
NaH, is well known to those skilled in the art of organic 
synthetic chemistry. However, the use of metal hy- 60 
drides often proves to be problematic due to their flam 
mability and moisture sensitivity. Such drawbacks often 
require maintaining the metal hydride under an inert 
atmosphere during handling, as well as maintaining an 
inert atmosphere over the reaction medium. Similarly, 65 
metals, such as K, are difficult to handie since they are 
flammable and moisture sensitive. Therefore, the pres 
ent invention substantially eliminates the need to use 

10 

15 

20 

2 
mercaptide ions to prepare thio-substituted carboxylic 
acids and thio-substituted thioesters from lactones. 

Several papers report the use of Lewis acid complex 
ing agents, for example, aluminum chloride, to facilitate 
carbon-oxygen bond cleavage in esters and lactones. 
See, for example, J. Org. Chem, 45, p. 4275 (1980); J. 
Org. Chem., 46, p. 5163 (1981) and Tet. Letters, 52, p. 
5211 (1978). In all of these cases, the Lewis acid is used 
in stoichiometric amounts. While the use of Lewis acid 
complexing agents, such as aluminum chloride, is not as 
problematic as the use of metal hydrides and metals 
when preparing metal mercaptans, they are generally 
moisture sensitive and corrosive. The present invention 
substantially eliminates the need for such Lewis acid 
complexing agents when reacting mercaptains with lac 
tones. 
Moreover, although free mercaptans are known to 

ring-open highly strained lactones, for example, propio 
lactone (J. Org, Chem, 39, p. 2648 (1974)), there appear 
to be no examples in the literature of similar reactions of 
higher lactones, for example, butyrolactone and valero 
lactone. The present invention provides a method for 
ring-opening such higher lactones with free mercap 
tan.S. 

SUMMARY OF THE INVENTION 

One aspect of the present invention is a process for 
producing a thio-substituted carboxylic acid selected 
from the group consisting of an alkylthio-substituted 
carboxylic acid and an arylthio-substituted carboxylic 
acid comprising reacting in the presence of an acidic 
catalyst a lactone selected from the group consisting of 
an alkyl lactone and an aryl lactone and a mercaptan 
selected from the group consisting of an alkyl mercap 
tan and an aryl mercaptan, where the lactone to mer 
captain mole ratio is about 5:1 to about 15:1, at a temper 
ature of about 100 C. to about 350° C. 
Another aspect of the present invention is a process 

for producing a thio-substituted thioester selected from 
the group consisting of an alkylthio-substituted thioes 
ter and an arylthio-substituted thioester comprising 
reacting in the presence of an acidic catalyst a lactone 
selected from the group consisting of an alkyl lactone 
and an aryl lactone and a mercaptain selected from the 
group consisting of an alkyl mercaptan and an aryl 
mercaptan, where the lactone to mercaptan mole ratio 
is about 0.1:1 to about 2:1, at a temperature of about 
100° C. to about 350° C. 
Yet another aspect of the present invention is a pro 

cess for preparing a compound having a formula 

RS-A-C-Z 

by reacting in the presence of an acidic catalyst at a 
temperature of about 100° C. to about 350 C, a mercap 
tan having a formula RSH with a lactone having a 
formula 

M. N. 

wherein 
R is a radical selected from the group consisting of 

substituted or unsubstituted alkyl of 1 to 25 car 
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bons, substituted or unsubstituted cycloalkyl of 5 to 
25 carbons, substituted or unsubstituted aryl of 6 to 
25 carbons, substituted or unsubstituted aralkyl of 7 
to 26 carbons, substituted or unsubstituted alkyl 
hydroxy of 1 to 25 carbons, substituted or unsubsti 
tuted alkoxy alkyl of 2 to 25 carbons, halogen-sub 
stituted aliphatic of 1 to 25 carbons, benzothiazol 
2-yl and pyridin-4-yl, where the substituents for R 
are hydroxy, halogen, alkyl of 1 to 6 carbons or 
aryl of 6 to 12 carbons; 

A is selected from the group consisting of 
-YCRR2(CR3R4)- and 

R7 

R8 C Y 
N / N / 
C C O C C 

/ N/ N 
R9 C (C(R')(R)- 

R10 

wherein 
Y is the bond location to the carbonyl carbon; 
R1, R2, R3 and R“are independently selected from the 
group consisting of hydrogen, halogen, substituted 
or unsubstituted alkyl of 1 to 25 carbons, substi 
tuted or unsubstituted aryl of 6 to 25 carbons, sub 
stituted or unsubstituted aralkyl of 7 to 26 carbons, 
substituted or unsubstituted alkoxy alkyl of 2 to 25 
carbons, halogen-substituted alkyl of 1 to 25 car 
bons, substituted or unsubstituted alkoxy of 2 to 25 
carbons, substituted or unsubstituted thioalkoxy of 
1 to 25 carbons, dialkylamino of 2 to 25 carbons 
and diarylamino of 12 to 25 carbons, where the 
substituents for any of R, R2, R3 and R“ are hy 
droxy, halogen, alkyl of 1 to 6 carbons or aryl of 6 
to 12 carbons; 

R and R may together comprise a ring and R2 and 
R* may together comprise a ring; 

R5, R6, R7, R8, R9 and R10 are independently selected 
from the group consisting of hydrogen, halogen, 
substituted or unsubstituted alkyl of 1 to 25 car 
bons, substituted or unsubstituted aryl of 6 to 25 
carbons, substituted or unsubstituted aralkyl of 7 to 
26 carbons, substituted or unsubstituted alkoxy 
alkyl of 2 to 25 carbons, halogen-substituted alkyl 
of 1 to 25 carbons, substituted or unsubstituted 
alkoxy of 1 to 25 carbons, substituted or unsubsti 
tuted thioalkoxy of 1 to 25 carbons, dialkylamino of 
2 to 25 carbons and diarylamino of 12 to 25 car 
bons, where the substituents for any of R5, R6, R7, 
R8, R9 and R10 are hydroxy, halogen, alkyl of 1 to 
6 carbons or aryl of 6 to 12 carbons; 

x is an integer from 2 to 5; 
y is an integer from 1 to 5; and 
Z is selected from the group consisting of -OH and 
-SR. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of illustrating the invention, there is 
shown in the drawings forms which are presently pre 
ferred; it being understood, however, that this invention 
is not limited to the precise arrangements and instru 
mentalities shown. 
FIG. 1 is a schematic representation of a reactor 

system for preparing the thio-substituted carboxylic 
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4 
acids and thio-substituted thioesters in accordance with 
the present invention; 
FIG. 2 is a schematic representation of a reactor 

system for preparing the thio-substituted carboxylic 
acids and thio-substituted thioesters in accordance with 
another embodiment of the invention; and 
FIG. 3 is a schematic representation of a reactor 

system for preparing the thio-substituted carboxylic 
acids and thio-substituted thioesters according to an 
other alternate embodiment of the present invention. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In accordance with the present invention, it has been 
discovered that mercaptains react with lactones in the 
presence of an acid catalyst, to form the open chain 
thio-substituted carboxylic acids and the corresponding 
thio-substituted thioesters. The process of this invention 
is an improvement over the prior art, since it eliminates 
the need for a co-solvent, for example, dimethylform 
amide (DMF), dimethylsulfoxide (DMSO) and hexame 
thylphosphoramide (HMPA). Moreover, the present 
invention allows utilization of free mercaptans as op 
posed to their corresponding mercaptide ions. In addi 
tion, the desired thio-substituted carboxylic acid is ob 
tained directly rather than via the metal carboxylate 
intermediate which requires acidification to generate 
the free carboxylic acid. The formed thio-substituted 
carboxylic acid can be converted, in situ, to the corre 
sponding thio-substituted thioester by controlling the 
stoichiometry of the reactants. High lactone to mercap 
tan mole ratios favor formation of the thio-substituted 
carboxylic acid as the major product, whereas low 
ratios of lactone to mercaptain favor formation of the 
thio-substituted thioester. 
As indicated in the above Summary of the Invention, 

the present invention comprises a process for preparing 
a compound having a formula 

RS-A-C-Z 

by reacting in the presence of an acidic catalyst at a 
temperature of about 100° C. to about 350° C. a mercap 
tan having a formula RSH with a lactone having a 
formula 

/ N 

wherein 
A is selected from the group consisting of 
-YCRR2(CR3R)- and 

N 
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and R, R, R2, R3, R4, R5, R6, R7, R8, R9, R10, Y, 
Z, X and y are as previously defined. Likewise, the 
substituents for the substituted R, R1, R2, R3, R4, 
R, Re, R7, R8, R9 and R10 groups, even in the 
following preferred and more preferred embodi- 5 
ments, are as previously defined. 

Preferably, A is -YCRR2(CR3R4)-. 
Preferably, R is substituted or unsubstituted alkyl of 1 

to 10 carbons or substituted or unsubstituted aryl of 6 to 
10 carbons. More preferably, R is substituted or unsub- 10 
stituted alkyl of 1 to 10 carbons. Even more preferably, 
R is n-octyl. 

Preferably, R, R2, R3 and R4 are independently se 
lected from the group consisting of hydrogen and sub 
stituted or unsubstituted alkyl of 1 to 10 carbons. More is 
preferably, R, R2, R3 and R' are independently hydro 
gen. 

Preferably, R5, R6, R7, R8, R9 and R10 are indepen 
dently selected from the group consisting of hydrogen 
and substituted or unsubstituted alkyl of 1 to 10 carbons. 

Preferably, Z is selected from the group consisting of 
hydroxy and n-octyl mercaptyl. 

Preferably, x is 2. 
In addition, the reaction of the present invention may 

be set forth in the following exemplary general equation 25 
for an alkylthio-substituted carboxylic acid and an al 
kylthio-substituted thioester: 

O 

y O 30 
A V 

RSH -- H: p->RSCHCH),é-oh - 
(CH2). 

where 
R and x are as previously defined. 
For this exemplary reaction, R, R2, R3 and R4 each is 40 

hydrogen. As would be apparent to those of ordinary 
skill in the art, the reaction equation can be rewritten 
for any of the previously indicated alternative embodi 
netS. 

The reaction of the present invention proceeds in 45 
accordance with various reaction parameters. The reac 
tion parameters and conditions will be set forth below 
with reference to the reactor systems schematically 
illustrated in the drawings. 

Referring to the drawings wherein like numerals 50 
refer to like elements throughout the several views, 
FIG. 1 is a schematic representation of a reactor system 
for use in practicing the invention. The starting mercap 
tan and starting lactone may be fed separately or as a 
mixture into a reactor. Thus, the mercaptan may be 55 
added through a conduit 10 and the lactone via a con 
duit 12 into a reactor 17. Alternatively, the mercaptan 
and lactone may be fed into a mixing apparatus 15 via 
conduits 11 and 13, respectively. After the mercaptan 
and lactone are mixed, the mixture is fed into the reac- 60 
tor 17 via a conduit. 16. The starting mercaptan and 
lactone are preferably liquids, to facilitate their flow 
into the reactor 17 via the conduits 10 and 12 or the 
conduit 16. If either the starting mercaptain or lactone is 
a solid, the solid may be dissolved in an inert solvent, for 65 
example, benzene, toluene and hexane, prior to feeding 
the starting mercaptan and lactone into the reactor 17. 
Alternatively, if the starting mercaptain or lactone is a 

6 
solid, the solid may be liquified by heating the solid to 
the melting point prior to feeding the starting mercap 
tan and lactone into the reactor 17. 
The reactor 17 is a vertical, fixed-bed reactor which 

comprises heating means to heat the reactor contents. 
The reactor is charged, prior to introducing the mer 
captan and lactone, with at least one catalyst 18. Suit 
able catalysts for the practice of the present invention 
are generally acidic catalysts, for example, LZ-Y62 and 
LZ-Y82 Zeolites (products of Union Carbide), Silicalit 
es (R), such as Union Carbide's SR-115 and S-115, silica, 
silica-aluminas, such as LA-MZ-3P (product of Akzo), 
naturally occurring zeolites such as mordenites, and 
non-oxidizing acids like methane-sulfonic acid (MSA). 
However, if MSA is used as a catalyst in a fixed-bed 
reactor, it must be adsorbed or imbibed on an inert 
support or on one of the aforementioned solid catalysts. 
Catalysts which are normally inactive, such as Union 
Carbide's LZ-Y52 and various aluminas may be acti 
vated by treatment with non-oxidizing acids, for exam 
ple, MSA. Catalysts which are normally considered 
basic in nature are not suitable for this invention, for 
example, magnesias, zirconias, titanias and amines. 
The temperature of the reaction can range from about 

100° C. to about 350° C., depending upon the respective 
reactivities and boiling points of the starting lactone and 
mercaptain and their residence time in the reactor. One 
measure of reactor residence time is referred to as mole 
velocity, which is defined as gram-moles of reactant fed 
per kilogram of catalyst per 24-hour day. Alternatively, 
the mole velocity may be defined equivalently as 
pound-moles per 1000-pounds catalyst per 24-hour day. 
The optimum mole velocity depends, in turn, on the 
temperature of the reactor. At lower temperatures 
(about 150° C. to about 250 C.), mole velocities be 
tween 50 and 100 are most preferred, while at higher 
temperatures (about 250 C. to about 350° C.) mole 
velocities between 100 and 300 are most preferred. 
As the mixture of the mercaptain and lactone contact 

the hot catalyst bed 18 contained in the reactor 17, the 
ring-opening reaction occurs to form the corresponding 
carboxylic acid which, depending upon the mole ratio 
of the reactants, can react with additional mercaptan to 
form the corresponding thioester. High mole ratios of 
lactone to mercaptain (about 5:1 to about 15:1 and pref. 
erably about 10:1) favor almost exclusive formation of 
the acid, while advantageously equal (1:1) or low mole 
ratios (about 0.1:1 to about 2:1, and preferably about 
0.5:1) result in mixtures of acid and thioester. After the 
reaction mixture has remained in the reactor for the 
desired residence time, the reaction mixture or reactor 
effluent is fed via a conduit 20 into a distillation column 
22 which comprises packing material or trays, heating 
means and vacuum means, to heat and depressurize the 
contents of the distillation column 22. The operating 
temperature and pressure of the distillation column 22 
are dictated by the boiling points of the starting mercap 
tan, starting lactone, thio-substituted carboxylic acid 
and thio-substituted thioester. Distillation temperatures 
between about 50 C. and about 250° C. and pressures 
from about 5 millimeters (mm) of mercury (Hg) to 
about atmospheric pressure (760 mm of Hg) are typical. 

If the reaction of the mercaptan and lactone to form 
the thio-substituted carboxylic acid and thio-substituted 
thioester, which primarily takes place in the reactor 17 
is incomplete, the reactor effluent comprises thio-sub 
stituted carboxylic acid, thio-substituted thioester, unre 
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acted mercaptan and unreacted lactone, as it is fed into 
the distillation column 22. The unreacted lactone and 
mercaptan, generally having lower boiling points and 
heats of vaporization than the thio-substituted carbox 
ylic acid and thio-substituted thioester, are preferen 
tially distilled from the distillation column 22 and recy 
cled back into the reactor 17 via a conduit 26. The 
recycled lactone and mercaptan are then further heated 
in the reactor 17 to undergo the ring-opening reaction. 
The reactor effluent from the recycled material, as de 
scribed previously, is fed via the conduit 20 into the 
distillation column 22. This recycling process continues 
until substantially all of the starting lactone and mercap 
tan are converted to the thio-substituted carboxylic acid 
and thio-substituted thioester. 
At this point in the process, the reaction mixture 

contained in the distillation column 22 substantially 
comprises the thio-substituted carboxylic acid and the 
thio-substituted thioester. The reaction mixture may be 
drained from the distillation column 22 via a conduit 24 
and collected. Alternatively, the reaction mixture may 
be fed via a conduit 28 into a second distillation column 
30. As in the distillation column 22, the temperature of 
the distillation column 30 is typically between about 50 
C. and about 250° C. and the pressure is from about 5 
mm to about 760 mm of Hg. Final separation of the 
thio-substituted carboxylic acid and thio-substituted 
thioester is accomplished via distillation in the distilla 
tion column 30. The thio-substituted thioester, gener 
ally being more non-polar than the corresponding thio 
substituted carboxylic acid, generally has a lower boil 
ing point. As a result, the thio-substituted thioester gen 
erally preferentially refluxes and distills to the top of the 
distillation column 30, and is removed via a conduit 34. 
Conversely, the thio-substituted carboxylic acid, gener 
ally having a higher boiling point than the correspond 
ing thio-substituted thioester, does not boil and substan 
tially remains in the bottom of the distillation column 
30, and may be removed and collected via a conduit 32. 
In addition, water formed during the thioesterification 
process may be removed by distillation from the reac 
tion mixture during the final distillation process in the 
distillation column 30 or alternatively, reactor effluent 
which is optionally collected from the distillation col 
umn 22 via the conduit 24 may be subsequently distilled 
to remove water, or the water may be physically re 
moved via a decanter or similar separation device. 
A schematic representation of a reactor system in 

accordance with another embodiment of the present 
invention is depicted in FIG. 2. This processing appara 
tus is designed to combine the chemical reaction of the 
starting mercaptan and lactone with product separation 
in a discrete unit operation. This concept, referred to as 
"Catalytic Distillation,' is utilized for several commer 
cial processes. See W. Stadig, "Catalytic Distillation: 
Combining Chemical Reaction with Product Separa 
tion," Chemical Processing, February, 1987. The advan 
tage of this configuration is that the thio-substituted 
carboxylic acid product is substantially removed from 
the reaction zone as it is formed, if desired, thereby 
minimizing formation of the thio-substituted thioester. 
As in the previous embodiment, the starting mercap 

tan and lactone may be introduced separately into a 
reactor 44 by feeding the mercaptain via a conduit 35 
and the lactone via a conduit 37 into the reactor 44. 
Alternatively, the mercaptan and lactone may be fed via 
conduits 36 and 38, respectively, into a mixing appara 
tus 40, where the two components are mixed. The mix 
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8 
ture is subsequently fed through conduit 42 into the 
reactor 44. As in the previous embodiment, the starting 
mercaptan and lactone are preferably liquids. If solids, 
they may be dissolved in an inert solvent or liquified by 
heating to their melting points prior to entering the 
reactor 44. 
Within the reactor 44, fitted with a reflux column 45, 

the starting mercaptan and starting lactone may be 
heated to a desired temperature by reactor heating 
means and subjected to a desired pressure by reactor 
vacuum means to vaporize the starting mercaptain and 
starting lactone. Desirable temperatures and pressures 
are, for example, between about 50 C. and about 250 
C. and from about 5 mm of Hg to about atmospheric 
pressure. 

Prior to introducing the mercaptan and lactone, the 
reactor 44 is charged with packed, trayed or bundled 
catalyst 46 of the type described with reference to the 
first embodiment illustrated in FIG. 1. After the mer 
captan and lactone are heated and preferably subjected 
to a vacuum in reactor 44, the starting materials vapor 
ize and react to form the thio-substituted carboxylic 
acid and thio-substituted thioester. Due to the generally 
lower boiling points and heats of vaporization of the 
starting lactone and mercaptan as compared to the thio 
substituted carboxylic acids and thio-substituted thioes 
ters, the unreacted starting materials generally distill 
into the reflux column 45. As the unreacted starting 
materials are refluxed, they react and the thio-sub 
stituted carboxylic acid and thio-substituted thioester 
condense and flow down, out of the reaction zone. 
Hence, this configuration is intended to minimize the 
formation of the thio-substituted thioester, since the 
thio-substituted carboxylic acid product is removed 
from the reaction zone, away from thioester forming 
mercaptan, substantially as it is formed. Any water 
resulting from formation of the thio-substituted thioes 
ter is distilled to the top of the reflux column 45 and 
may be removed from the system via a conduit 48. 
The reaction mixture or reactor effluent, comprising 

the thio-substituted carboxylic acid and thio-substituted 
thioester, as well as minimal amounts of unreacted mer 
captan and lactone, is fed via a conduit 50 into a flash 
pot 52. The mixture then undergoes flash distillation 
wherein unreacted mercaptan and lactone recycle back 
into the reactor 44 via a conduit 54. The unreacted 
mercaptain and lactone are then subjected to tempera 
tures and pressures to give the thio-substituted carbox 
ylic acid and the thio-substituted thioester products, as 
described hereinbefore. This recycling process contin 
ues until the mercaptan and lactone are substantially 
fully reacted, at which time the reactor effluent, com 
prising acid and thioester products may be removed 
from the system and collected via a conduit 56. 

Alternatively, the product mixture may be fed via a 
conduit 58 into a distillation tower 60. The distillation 
tower contains an appropriate packing, such that upon 
subjecting the product mixture to a desired temperature 
at a desired pressure, the thio-substituted carboxylic 
acid and the thio-substituted thioester products may be 
separated by distillation, as described hereinbefore for 
FIG. 1. The two products are then removed from the 
distillation tower 60 via separate conduits, for example, 
the thio-substituted carboxylic acid via a conduit 64 and 
the thio-substituted thioester via a conduit 62. 
A schematic representation of a reactor designed for 

batch production in accordance with another embodi 
ment of the present invention is depicted in FIG. 3. The 
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starting mercaptain is fed via a conduit 66 and the start 
ing lactone is fed via a conduit 68 into a continuously 
stirred tank reactor (CSTR) 70 or similar pressure ves 
sel which contains a catalyst charge 71. As described 
hereinbefore, the starting mercaptan and lactone are 
preferably liquids and the mole ratio of the reactants 
used depends upon the desired product composition. 
High lactone to mercaptain mole ratios favor formation 
of the thio-substituted carboxylic acid as the major 
product, whereas low ratios of lactone to mercaptan 
favor formation of the thio-subsituted thioester. Tem 
peratures within the reactor 70 can range between 
about 150 C. and about 350° C., while the preferred 
temperature range is about 150° C. to about 250° C. The 
most preferred temperature range is about 190° C. to 
about 250' C. 
The reactor 70 is charged with the catalyst 71, either 

before or after introducing the mercaptan and lactone, 
but prior to heating and pressurizing the reactor 70. The 
amount of catalyst introduced into the reactor 70 can 
range from about 0.1% by weight to about 50% by 
weight based upon the amount of starting mercaptain or 
lactone introduced into the reactor 70. About 10% by 
weight of catalyst charged into the reactor, based upon 
the amount of mercaptan and lactone introduced into 
the reactor, is most preferred. In addition, the catalyst is 
preferably in the form of a powder. This will increase 
the surface area of the catalyst and improve its dispers 
ibility throughout the reaction medium, thereby im 
proving its catalytic efficiency. 

After the mercaptan, lactone and catalyst are intro 
duced into reactor 70 and preferably prior to heating 
and pressurizing the reactor, the reaction medium is 
agitated. In the presently preferred embodiment, this 
agitation is provided by stirring blades 72 which are 
connected to a motor 76 by a shaft 74. Preferably, the 
reaction mixture is sufficiently agitated such that the 
mercaptan and lactone are homogeneously mixed, and 
the catalyst is equally dispersed throughout the reaction 
medium. 

After the mercaptan, lactone and catalyst are charged 
into the reactor 70 and the reaction mixture is agitated, 
the reactor is heated and pressurized. The reaction can 
be conducted at about atmospheric pressure or super 
atmospheric pressure depending upon the reaction tem 
peratures and vapor pressures of the reactants. Reaction 
pressures in the range of about 10 pounds per square 
inch guage (psig) to about 15 psig are preferred. 
The reaction may be monitored by removing aliquots 

of the reaction mixture, filtering the aliquots to remove 
catalyst and analyzing the filtered aliquots by gas 
chromotography. The reaction progress can be deter 
mined by the disappearance of peaks corresponding to 
starting mercaptain and lactone, or by the appearance of 
peaks corresponding to thio-substituted carboxylic acid 
and thio-substituted thioester in the gas chromatogram. 
The analysis of the reaction mixture will not be further 
discussed here, as it involves techniques well known to 
those skilled in the art. 
As the reaction proceeds, the generally lower boiling 

mercaptan and lactone boil and distill into a conduit 78, 
and condense within a reflux accumulator 79. The con 
densed mercaptan and lactone may be removed from 
the system via a conduit 80, or alternatively may pass 
via a conduit 81 into a storage container 82. The col 
lected mercaptan and lactone may then be recycled into 
the reactor 70 via a conduit 84. The recycled mercaptan 
and lactone are then subjected to temperatures and 
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10 
pressures to react to give the thio-substituted carboxylic 
acid and thio-substituted thioester. This recycling pro 
cess may continue until the starting mercaptan and 
lactone are substantially completely consumed or the 
desired product ratio of thio-substituted carboxylic acid 
to thio-substituted thioester is obtained. 
The reactor 70 is then depressurized to atmospheric 

pressure, and preferably to a reduced pressure of about 
1 mm of Hg to about 50 mm of Hg. The water formed 
during the thioesterification process, unreacted mercap 
tan and unreacted lactone may be removed from the 
reactor 70 by distillation via the conduit 78 into the 
reflux accumulator 79. The water, mercaptan and lac 
tone may then be removed from the system via the 
conduit 80. It is most convenient to remove the water 
and unreacted starting materials at reduced pressure, 
since less heat is required to heat the water, mercaptan 
and lactone to their boiling points for distillation. 
The crude product mixture, comprising thio-sus 

tituted carboxylic acid and thio-substituted thioester 
can be removed from the reactor via a dip-tube 85 and 
conduit 86. After filtering to remove catalyst 71, the 
crude product mixture may be used for other synthetic 
or commercial processes, stored for later use or further 
purified. Alternatively, the crude reaction mixture may 
be removed from the reactor 70 and fed via a conduit 88 
into a distillation column 90. Within the distillation 
column 90, the crude reaction mixture is subjected to 
sufficient temperature and pressure, as described herein 
before, to separate the thio-substituted carboxylic acid 
and thio-substituted thioester via distillation. For exam 
ple, the thio-substituted carboxylic acid is separated and 
removed from the crude reaction mixture via a conduit 
94, and the thio-substituted thioester is removed via a 
conduit 92. In general, the thio-substituted carboxylic 
acid, as the higher boiling product, is removed through 
the lower conduit 94 of the distillation column and the 
thio-substituted thioester, as the lower boiling product, 
is removed through the upper conduit 92 of the distilla 
tion column 90. 
The time required for the starting mercaptan and 

lactone to be consumed or the time required to obtain 
the desired ratio of thio-substituted carboxylic acid to 
thio-substituted thioester can vary greatly, depending 
upon the reaction conditions and the exact starting 
mercaptan and lactone utilized. However, reaction 
times of between about 4 hours and about 25 hours are 
typical. 

After the crude reaction products are removed from 
the reactor 70 via the dip-tube 85 and the conduit 86 or 
optionally fed via the conduit 88 into the distillation 
column 90, the reactor 70 may be charged with addi 
tional mercaptan and lactone. In this manner, the pres 
ent embodiment provides a batch production process 
for preparing thio-substituted carboxylic acids and thio 
substituted thioesters. 
The present invention will now be illustrated in more 

detail by reference to the following specific, non-limit 
ing examples. 

EXAMPLE 1 

Batch screening of various catalysts 
ty-Butyrolactone (5.0 g, 0.058 mole) and n-octyl mer 

captan (8.5g, 0.058 mole) were each introduced into ten 
separate 200 mL round-bottom flasks. Each flask was 
charged with 2 g of a separate catalyst. The mixtures 
were stirred and heated at 190° C. to 200 C. for 4 hours 
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and subsequently analyzed by gas chromotography. 
The results of these screening experiments, which were 
designed to analyze the effectiveness of different cata 
lysts, are presented in Table 1 below. The resulting 
products from the reaction are 4-(n-octylthio)butyric 
acid (4-OTBA), n-octylthio-4-(noctylthio)butyrate 
(thioester), di-n-octyl sulfide (DOS) and di-n-octyl di 
sulfide (DOD). Table 1 reflects area percentages of the 
individual components; the remaining percentage is 
unreacted starting mercaptan and starting lactone. 

TABLE 1. 
Catalyst 4-OTBA DOS DOD Thioester 
LZ-Y52 - - o --- 

LZ-Y62 .2 0.3 0.4 0.4 
LZ-Y82 6.3 0.9 0.4 4.7 
Silicalite 25.0 0.0 0. 10.3 
Silica/Alumina 9.7 2.6 0.3 20.5 
F. Alumina - Om- - 

Anhydrous MSA 20.5 0.2 0.1 29.0 
MgO - - m -- 

Titania --- - - 

Zirconia - - --- - 

- indicates no reaction 

EXAMPLE 2 

Continuous preparation of 4-OTBA and the 
corresponding thioester 

An equimolar mixture of y-butyrolactone and n-octyl 
mercaptan was fed into a stainless steel fixed-bed reac 
tor (length is 12 in., I.D. is 1 in.) containing 75 g of 
Union Carbide's S-115 Silicalite (1/16 inch extrudites). 
The reactor was maintained at 200 C. via oven heating. 
Approximately 0.6 g of the mixture (mole velocity of 
about 50) was fed into the reactor per minute. The reac 
tor effluent was collected in a round-bottom flask which 
was fitted with an upper reflux condenser and a lower 
stop-cock. The reflux condenser trapped any refluxing 
reaction mixture. In a typical run, a desired amount of 
reactor effluent was collected in the flask, the closed 
stop-cock was opened and the reactor effluent was 
removed from the flask and collected in a separate re 
ceiver. The collected product was analyzed by gas 
chromotography to quantitate the amounts of starting 
mercaptan, starting lactone, thio-substituted carboxylic 
acid and thio-substituted thioester present. 72 g of the 
lactone-mercaptan mixture was fed into the reactor 
over a 2-hour period. The effluent (67.5 g) produced the 
following gas chromatographic analysis (area %): 
27.5% 4-OTBA, 15.8% thioester and the remainder as 
unreacted mercaptan and lactone. This corresponds to 
an approximate conversion of lactone to thio-sub 
stituted carboxylic acid and thio-substituted thioester of 
62.3% with a 73% yield of 4-OTBA. 
The present invention may be embodied in other 

specific forms without departing from the spirit or es 
sential attributes thereof and, accordingly, reference 
should be made to the appended claims, rather than to 
the foregoing specification as indicating the scope of the 
invention. 
We claim: 
1. A process for producing a thio-substituted carbox 

ylic acid selected from the group consisting of an al 
kylthio-substituted carboxylic acid and an arylthio-sub 
stituted carboxylic acid comprising reacting in the pres 
ence of a catalytic amount of an acidic catalyst a lactone 
selected from the group consisting of an alkyl lactone 
and an aryl lactone and a mercaptain selected from the 
group consisting of an alkyl mercaptain and an aryl 
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12 
mercaptan, where the lactone to mercaptan mole ratio 
is about 5:1 to about 15:1, at a temperature of about 100 
C. to about 350° C. 

2. The process of claim 1 wherein the mole ratio 
process of lactone to mercaptan is about 10:1. 

3. A process for producing a thio-substituted thioes 
ter selected from the group consisting of an alkylthio 
substituted thioester and an arylthio-substituted thioes 
ter comprising reacting in the presence of a catalytic 
amount of an acidic catalyst a lactone selected from the 
group consisting of an alkyl lactone and an aryl lactone 
and a mercaptain selected from the group consisting of 
an alkyl mercaptan and an aryl mercaptan, where the 
lactone to mercaptan mole ratio is about 0.1:1 to about 
2:1, at a temperature of about 100° C. to about 350° C. 

4. The process of claim 3 wherein the mole ratio of 
lactone to mercaptain is about 0.5:1. 

5. A process for preparing a compound having a 
formula 

by reacting in the presence of a catalytic amount of an 
acidic catalyst at a temperature of about 100° C. to 
about 350° C. a mercaptan having a formula RSH with 
a lactone having a formula 

O 

C 
M. N. 

A. O 

wherein 
R is a radical selected from the group consisting of 

substituted or unsubstituted alkyl of 1 to 25 car 
bons, substituted or unsubstituted cycloalkyl of 5 to 
25 carbons, substituted or unsubstituted aryl of 6 to 
25 carbons, substituted or unsubstituted aralkyl of 7 
to 26 carbons, substituted or unsubstituted alkyl 
hydroxy of 1 to 25 carbons, substituted or unsubsti 
tuted alkoxy alkyl of 2 to 25 carbons, halogen-sub 
stituted aliphatic of 1 to 25 carbons, where the 
substituents for R are hydroxy, halogen, alkyl of 1 
to 6 carbons or aryl of 6 to 12 carbons; 

A is selected from the group consisting of 
-YCRR2(CR3R)- and 

R7 

R8 C Y 
N / N / 
C C O C C 

/ NM N 
R9 C (C(R')(R6)- 

R10 

wherein 
Y is the bond location to the carbonyl carbon; 
R, R2, R3 and Rare independently selected from 
the group consisting of hydrogen, halogen, sub 
stituted or unsubstituted alkyl of 1 to 25 carbons, 
substituted or unsubstituted aryl of 6 to 25 car 
bons, substituted or unsubstituted aralkyl of 7 to 
26 carbons, substituted or unsubstituted alkoxy 
alkyl of 2 to 25 carbons, halogen-substituted 
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alkyl of 1 to 25 carbons, substituted or unsubsti 
tuted alkoxy of 2 to 25 carbons, substituted or 
unsubstituted thioalkoxy of 1 to 25 carbons, dial 
kylamino of 2 to 25 carbons and diarylamino of 
12 to 25 carbons, where the substituents for any 
of R, R2, R3 and Rare hydroxy, halogen, alkyl 
of 1 to 6 carbons or aryl of 6 to 12 carbons, with 
the proviso that R and R3 may together com 
prise a ring and R2 and R may together com 
prise a ring; 

Rs, R6, R7, R8, R9 and R10 are independently se 
lected from the group consisting of hydrogen, 
halogen, substituted or unsubstituted alkyl of 1 to 
25 carbons, substituted or unsubstituted aryl of 6 
to 25 carbons, substituted or unsubstituted aral 
kyl of 7 to 26 carbons, substituted or unsubsti 
tuted alkoxy alkyl of 2 to 25 carbons, halogen 
substituted alkyl of 1 to 25 carbons, substituted 
or unsubstituted alkoxy of 1 to 25 carbons, substi 
tuted or unsubstituted thioalkoxy of 1 to 25 car 
bons, dialkylamino of 2 to 25 carbons and 

5 

10 

15 

20 

diarylamino of 12 to 25 carbons, where the sub- . 
stituents for any of R5, R6, R7, R8, R9 and R10 are 
hydroxy, halogen, alkyl of 1 to 6 carbons or aryl 
of 6 to 12 carbons; 

x is an integer from 2 to 5; 
y is an integer from 1 to 5; and 
Z is selected from the group consisting of -OH 
and -SR. 

6. The process according to claim 5 wherein 
R is substituted or unsubstituted aryl of 6 to 10 car 

bons; 
R, R2, Rand R“are independently selected from the 
group consisting of hydrogen and substituted or 
unsubstituted alkyl of 1 to 10 carbons; and 

R5, R6, R7, R8, R9 and R10 are independently selected 
from the group consisting of hydrogen and substi 
tuted or unsubstituted alkyl of 1 to 10 carbons. 

7. The process according to claim 5 wherein 
R is substituted or unsubstituted alkyl of 1 to 10 car 

bons; 
R, R2, R3 and R are independently, selected from 

the group consisting of hydrogen and substituted 
or unsubstituted alkyl of 1 to 10 carbons; and 

R5, R6, R7, R8, R9 and R10 are independently selected 
from the group consisting of hydrogen and substi 
tuted or unsubstituted alkyl of 1 to 10 carbons. 

8. The process according to claim 5 wherein 
A comprises -YCRR2(CR3R'); 
R, R2, R3 and R4 are each hydrogen; 
R is n-octyl; 
Z is selected from the group consisting of hydroxy 
and n-octyl mercaptyl; and 

x is 2. 
9. The process according to claim 5 wherein the 

acidic catalyst is selected from the group consisting 
essentially of zeolites, silicalites, silica, silica-aluminas 
and methanesulfonic acid. 

10. The process according to claim 5 wherein the 
temperature is about 150° C. to about 250 C. 

11. The process according to claim 5 wherein the 
temperature is about 190° C. to about 250 C. 

12. The process according to claim 5 further compris 
ling 

(a) introducing the lactone and mercaptan into a reac 
tor containing the catalyst; 

(b) heating the lactone and mercaptan to a tempera 
ture and for a time sufficient to produce a thio-sub 
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14 
stituted carboxylic acid and a thio-substituted thio 
ester; 

(c) introducing a mixture of the thio-substituted car 
boxylic acid, thio-substituted thioester, unreacted 
lactone and unreacted mercaptain into a first distil 
lation column heated to a temperature and sub 
jected to a pressure sufficient to cause the unre 
acted lactone and the unreacted mercaptan to recy 
cle back into the reactor to form the thio-sub 
stituted carboxylic acid and the thio-substituted 
thioester; and 

(d) removing the mixture comprising the thio-sub 
stituted carboxylic acid and thio-substituted thioes 
ter from the first distillation column. 

13. The process according to claim 12 further com 
prising separating the thio-substituted carboxylic acid 
and thio-substituted thioester in a second distillation 
column. 

14. The process of claim 12 wherein the reactor tem 
perature is about 150° C. to about 250 C. 

15. The process of claim 12 wherein the reactor tem 
perature is about 190° C. to about 250 C. 

16. The process of claim 13 wherein the temperature 
of the first and second distillation column is about 50 C. 
to about 250 C. 

17. The process of claim 13 wherein the pressure of 
the first and second distillation column is about 5 milli 
meters of mercury to about 760 millimeters of mercury. 

18. The process of claim 5 further comprising 
(a) introducing the lactone and mercaptan into a reac 

tor containing the catalyst; 
(b) heating the lactone and mercaptan to a tempera 

ture and pressure and for a time sufficient to vapor 
ize the lactone and mercaptan; 

(c) introducing the vaporized lactone and mercaptan 
into a reflux column to produce a mixture predomi 
nantly of a thio-substituted carboxylic acid and a 
minor amount of a thio-substituted thioester; 

(d) removing the mixture of the thio-substituted car 
boxylic acid and the thio-substituted thioester from 
the reflux column and reactor; and 

(e) separating the thio-substituted carboxylic acid and 
the thio-substituted thioester from the mixture by 
distillation. 

19. The process of claim 18 wherein the reactor tem 
perature is about 150° C. to about 250° C. 

20. The process of claim 18 wherein the reactor tem 
perature is about 190° C. to about 250 C. 

21. The process of claim 18 wherein the reactor pres 
sure is about 5 millimeters of mercury to about 760 
millimeters of mercury. 

22. The process of claim 18 wherein the distillation 
column temperature is about 50 C. to about 250 C. 

23. The process of claim 17 wherein the distillation 
pressure is about 5 millimeters of mercury to about 760 
millimeters of mercury. 

24. The process according to claim 5 further compris 
1ng 

(a) introducing a batch of the lactone and mercaptan 
into a reactor containing about 0.1 to about 50 
weight percent catalyst based on the weight of the 
lactone and mercaptan; 

(b) heating the reaction batch while stirring and main 
taining a pressure of about 10 psig to about 50 psig 
in the reactor for a time sufficient to produce a 
mixture of a thio-substituted carboxylic acid and a 
thio-substituted thioester; 

(c) removing the mixture from the reactor; and 
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(d) separating the thio-substituted carboxylic acid and 26. The process of claim 24 wherein the reactor tem 
in- - the mi perature is about 190 C. to about 250 C. the thioester from the mixture and 27. The process of claim 24 wherein the amount of 

catalyst is about 10% by weight based on the weight of 
25. The process of claim 24 wherein the reactor ten- 5 mercaptan and lactone. 

perature is about 150° C. to about 250 C. k xk xk is k 
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